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babies or of babies removed surgically from their mothers, (For a review
of the literature, see Carmichael, 1933.) ^n ^ case of man the neural
growth must be inferred from such data and from the general principles
of development derived from experimental studies made on lower forms.
The fetal development of sensory and motor capacities. All but the very
simplest motor responses depend for their initiation upon sensory stimuli-
tion, and it is during the prenatal period that the essential sensory-motor
patterns are established. From various investigations of the cutaneous
receptors it is evident that motor reactions to pressure are elicited fairly
early in the fetal stage, but that they are, at first, rather general in their
effects. That is, they tend to be arhythmic and unco-ordinated. Yet, in the
words of Minkowski (1922), "There are no isolated reflexes.'* Rather the
responses are highly variable and tend to spread over the whole body, a
fact which led Minkowski (1922, p. 723) to make a generalization that
"each skin area may serve as a reflexogenic zone for various reactions
which have a tendency to irradiate more or less over the entire fetal or-
ganism." (See Irwin, 1932.) With growth and use these reactions become
gradually more specific and co-ordinated. But in any case it is apparent
that many fundamental responses later associated with sucking, the cre-
masteric (sexual) reflexes, and certain abdominal reactions are initially
set up from cutaneous and pressure stimulation, in utero.
Among the important receptive patterns that are developed during the
prenatal life we may note the responsiveness to warm or cold stimuli, rudi-
mentary taste and smell, and the development of the auditory and .visual
senses. There is evidence from prematurely born babies that the iris re-
flex occurs some time before normal delivery. So, too, the muscular ap-
paratus of the eye and eyelid are developed prior to birth. In the later
stages of fetal growth the nociceptors or pain senses also begin their op-
eration.
Pregnant women have reported that- between the fourteenth and sev-
enteenth weeks the fetal heartbeat is detectable. So, too, rhythmic con-
tractions of the fetal thorax and movements of the chest, fundamental to
true breathing later, have been observed. By the fourth month muscu-
lar reactions of the fetus become much more specific and more vigorous.
By the fifth month the spinal cord and medulla areas are operating to
facilitate co-ordinated movements, and by the seventh month such com-
plex motor reactions as abdominal reflexes, knee jerk, plantar reflexes,
and corneal responses are evident. During the last six weeks or two
months the higher brain centers are apparently beginning to play their
part in controlling basic action patterns. There is a close correlation be-
tween neurological development and emerging specificity and integra-
tion of responses. (See below.)
Certain observers even report fetal crying, and from his studies of pre-